A PARTIAL ORDER ON THE SET OF PRIME KNOTS WITH 
UP TO 11 CROSSINGS 



KEIICHI HORIE, TERUAKI KITANO, MINEKO MATSUMOTO AND MASAAKI SUZUKI 

Abstract. Let K he a, prime knot in and G{K) = tti (S^ — K) the knot 
group. We write Ki > K2 if there exists a surjective homomorphism from 
G{Ki) onto G{K2). In this paper, we determine this partial order on the set 
of prime knots with up to 11 crossings. There exist such 801 prime knots and 
then 640, 800 should be considered. The existence of a surjective homomor- 
phism can be proved by constructing it explicitly. On the other hand, the 
non-existence of a surjective homomorphism can be proved by the Alexander 
polynomial and the twisted Alexander polynomial. This work is an extension 
of the result of [8]. 



1. Introduction 

Let K he a. prime knot in and G{K) = Tri{S^ — K) the knot group. For two 
prime knots Ki, K2, we write Ki > K2 if there exists a surjective homomorphism 
from G{Ki) onto G{K2)- It is well known that this relation is a partial order on 
the set of prime knots. See [H [3] as references. 

Some geometric reasons for the existence of a surjective homomorphism are 
known, that is, degree one map and periodic knot. See [H [31 \W\ for example. 
It could be considered that this partial order measures some kind of complexity for 
knots. Then it should be determined whether there exists a surjective homomor- 
phism between the knot groups of two given knots. 

The first useful criterion is given by the Alexander polynomial. A well-known 
property on the Alexander polynomial gives us a necessary condition for the ex- 
istence of a surjective homomorphism. However, it is not sufhcient to decide the 
non-existence of a surjective homomorphism between knot groups. In 1990's, the 
Alexander polynomial was generalized to the twisted Alexander polynomial for a 
knot with a linear representation in [131 1171 [5] . The above necessary condition can 
also be extended to that of the twisted Alexander polynomial in [7], which is more 
effective for determining the non-existence of a surjective homomorphism. 

By using the above criteria, two of the authors [8] completely determined this 
partial order for the Rolfsen's knot table [16] , which contains 249 prime knots with 
up to 10 crossings. There are 61, 752 cases to be treated. 
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Theorem 1.1 ([8 ). The partial order ">" on the set of prime knots with up to 10 
crossings is given by 

857 810, 815, 818, 819, 820, 821, 

9l, Sg, 9i6, 823, 824, 928, 840, 

IO5, IO9, IO32, IO40, lOei, 1062, 1063, 1064, 1065, 1066, 5> > 3i 

1076, IO77, 1078, 1082, 1084, 1085, 1087, IO98, IO99, IO103, 
IO106, IO112, IO114, IO139, 10l40, IO14I, 10l42, IO143, IO144, IO159, 10l64 

818, 937, 940, IO58, IO59, 1060, IO122, 10l36, IO137, 10l38 > 4i, 

IO74, IO120, IO122 > 52. 

The purpose of this paper is to determine this partial order ">" on the set of 
prime knots with up to 11 crossings, because some phenomena require more higher 
crossing knots. There exist 801 prime knots with up to 11 crossings and then 
640, 800 cases should be investigated. 

The following is the main result of this paper. 

Theorem 1.2. The partial order ">" on the set of prime knots with up to 11 
crossings is given by 

85, 810, 815, 818, 819, 820, 821, 

9l, 96, 9i6, 923, 924, 928, 940, 

IO5, IO9, IO32, IO40, 1061, 1062, 1063, 1064, 1065, 1066, 
IO76, IO77, IO78, 1082, 1084, 1085, 1087, IO98, IO99, IO103, 
IO106, IO112, IO114, IO139, 10l40, IO141, 10l42, IO143, IO144, IO159, 10l64, 

lla43, 11044, lla46, lla47, lla57, lla58, lla7i, lla72, lla73, Uaioo, 
lloioo, llaio7, llaios, llaio9, llaii7, llai34, llai39, llai57, llai65, llai7i, 

llai75, llai76, llai94, llai96, lla203, lla212, lla216, 110223, 110231, 110232, 
ll0236, II0244, II0245, II026I, ll0263, ll0264, II0286, II0305, II0306, 
II0318, II0332, II0338, II0340, II0351, II0352, II0355, lln7i, lln72, 11^73, 
lln74, lln75, lln76, lln77, 11^78, llrtsi, llrtss, 11^86, 11^87, 11^94, 
llnio4, 11^105, 11«106, 11"-107, 11"136, 11"'164, 11«183, 11"-184, 11^^185 



> > 3i 



>4i, 



818, 937, 940, 

IO58, IO59, 1060, IO122, 10l36, IO137, 10l38, 
II05, II06, II051, II0132, II0239, II0297, II0348, II0349, 
llnioo, 11^148, 11"'157, 11"165 

lln78, llni48 > 5i, 

IO74, IO120, IO122, 11?^71, 11^185 > 52, 
II0352 > 61, 
II035I > 62, 
II047, II0239 > 63. 

Remark 1.3. In this paper, the numbering of the knots with 11 crossings follows 
that of the web page "Knotlnfo" [14] by Cha and Livingston. 

In Section[2l we explain the recipe to obtain the main result. In Section[3l we put 
some problems. In SectionlH some tables used to prove Theorem 1 1 . 21 are described. 
Tables [l]l7] are lists of surjective homomorphisms and Table [8] lists data to check 
the non-existence. 
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2. Proof 

In this section, we shall explain how to obtain Theorem 11.21 It is sufBcient to 
prove Theorem 11.21 for any pair of knots where at least one of two knots has 11 
crossings, because we have already proved in [8] for all pairs of knots with up to 
10 crossings. Therefore the number of the cases to be considered is 579, 084. We 
prove Proposition 2.1 and 2.2 for the main result. 

Proposition 2.1. There exist surjective group homomorphisms G{Ki) G{K2) 
for all pairs of knots in Theorem \1.2\ 

We can construct explicitly surjective homomorphisms as shown in Tables [l][7l 
Next we have to prove the following. 

Proposition 2.2. There does not exist a surjective group homomorphism G{Ki) —> 
G{K2) for any pair of knots that does not appear in Theorem l 1 . S[ 

To prove Proposition l2.21 we consider the Alexander polynomial and the twisted 
Alexander polynomial of a knot. 

First, recall the following well-known proposition on the Alexander polynomial 
Axit). See as a reference. 

Proposition 2.3. // there exists a surjective homomorphism from G{Ki) onto 
G{K2), then A/^^ (i) is divisible by AxslO- 

This gives us a sufficient condition for the non-existence of a surjective homo- 
morphism. By checking the divisibility of the Alexander polynomial, we prove the 
non-existence for many pairs of knots. 

Next, we apply the twisted Alexander polynomial to the remaining pairs which 
cannot be proved the non-existence by the Alexander polynomial. In this paper, 
we make use of 2-dimensional unimodular representations of knot groups over fi- 
nite prime fields. The twisted Alexander polynomial AK,p{t), due to the Wada's 
definition, of K for a representation p : G{K) SL{2;¥p) is defined to be a ra- 
tional expression of one variable t over Fp, where Fp is the finite prime field of a 
characteristic p. See [ITl [7l [H [9l [TOl [IT] for the precise definition and properties. 

Proposition 12.31 is extended to the following for the twisted Alexander polyno- 
mial. 

Proposition 2.4 (Kitano-Suzuki-Wada [?])• Assume that there exists a surjective 
homomorphism ip : G{Ki) G{K2). Then for any representation p2 '■ G{K2) 
SL{2;¥p) and pi = p2 0^p, AKi.pi{t) is divisible by Ax2.p2(^)- More precisely, 
the denominator of Aid.piit) is same as the denominator o/Ax2.p2(^) '^'^'^ 
numerator of Axi.piit) can be divided by the numerator o/ Ax2,p2(^)• 
Finally we can prove Proposition 12.21 by applying Proposition 12.41 The authors 
code two programs of Mathematica and Java independently and obtain Table [51 
which is used to prove Proposition [2?2l 
This completes the proof of Theorem 1 1.2 1 

3. Problems 

Here we mention some problems related to the main result. 
(1) Simon's conjecture. 

The following question is arisen naturally from Theorem 1 1.21 
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If there exists a surjective homomorphism from G{Ki) onto G{K2), then is the 
crossing number of Ki greater than that of K2I 

Theorem 1 1 . 21 fohows the affirmative answer in case the crossing number is smaller 
than or equal to 11. It still remains open for higher crossing cases. 

If the answer is affirmative in general, it turns out that Simon's conjecture [6] 
holds, which is a part of problems on surjective homomorphisms between knot 
groups. In particular, the following is called Simon's conjecture: 
For a given knot if, there exist only finitely many knot groups G for which there 
is a surjective homomorphism G{K) —>■ G. 

(2) 2-bridge knots. 

Recently Ohtsuki-Riley-Sakuma [15] gave a systematic construction of surjective 
homomorphisms between 2-bridge link groups. As shown in Table [T][7l we con- 
structed surjective homomorphisms explicitly. It is a problem whether they are 
same with Ohtsuki-Riley-Sakuma's construction. 

Remark 3.1. In pL,, it is announced that Simon's conjecture holds for any 2-bridge 
knot. 

(3) Geometric meanings. 

As we mention in the introduction, there are some reasons of the existence of 
surjective homomorphisms. In particular, it is important to determine which sur- 
jective homomorphism is induced by a degree one map. In other words, we should 
study characterization of surjective homomorphisms between knot groups induced 
by degree one maps. 

4. Tables 

Now we describe how to read the tables below. 

We always take a Wirtinger presentation of G{K) of a knot K: 

G{K) = (xi, . . . ,a;„|ri, . . . ,r„_i). 

For simplicity, we write a number representing a generator of G{K). For example, 
we write 1,2,..., 10, 11 for the generators xi, a;2, . . . , xio, xn and 12110 means a 
relator xiX2Xi^Xiq. Here we fix the following presentations of the knot groups, 
which appear in the ranges of surjective homomorphisms. 

G(3i) = (1,2, 3 I 3132, 1213), 

G(4i) = (1, 2, 3, 4 I 4241, 1213, 2423), 

G(5i) = (1, 2, 3, 4, 5 I 4142, 5253, 1314, 2425), 

G(52) = (1, 2, 3, 4, 5 I 4142, 5253, 2324, 1415), 

G(6i) = (1, 2, 3, 4, 5, 6 I 4241, 6263, 5354, 1514, 3536), 

G(62) = (1, 2, 3, 4, 5, 6 I 4241, 5253, 6364, 15l4, 3536), 

G(63) = (1, 2, 3, 4, 5, 6 I 3231, 5352, 6364, 2524, 1516). 

Under these notations, we give surjective homomorphisms to prove Theorem II. 21 in 
Table [T][71 For any pair of knots with up to 10 crossings in Theorem ll.2[ see the 
tables in [8]. 

In Table [H we list the pairs of knots K, K' that there does not exist a sur- 
jective homomorphism from G{K) onto G{K'). For example, there are 3i and 
some knots with a prime integer in the first row of Table [H Here lla6(3) means 
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that the non-existence of a surjective homomorphism from G{llaQ) onto G(3i) is 
proved by applying the twisted Alexander polynomial of 5i(2; F3)-representations 
in Proposition 12 .41 

Remark 4.1. For the pairs of knots that do not appear in Table [l][8l we can show 
that there exists no surjective homomorphism between their knot groups by using 
the classical Alexander polynomial. 



Table 1: Surjective homomorphisms to 3i 



K 


relators 


surjective homomorphism to 3i 


11043 


102101, 8382, 6463, 115114, 3635, 5756, 2827, 7978, 11019, 911910 


1 1, 2 3, 3 2, 4 1-^ 1, 5 ^ 1, 6 3, 7 2, 8 1-^ 1, 9 1-^ 3, 10 1-^ 2, 11 ^ 1 


11044 


102101, 8382, 6364, 114115, 3536, 4647, 2827, 7978, 11019, 911910 


1 1, 2 1, 3 3, 4 i-^ 1, 5 ^ 1, 6 i-> 2, 7 ^ 3, 8 i-^ 2, 9 i-^ 1, 10 i-^ 1, 11 ^ 1 


11 046 


102101, 8382, 6364, 114115, 4546, 3637, 2827, 7978, 11019, 911910 


1 1-^ 1,2 i-> 2,3 1,4 1-^ 1,5 1,6 1-^ 1,7 1,8 1-^ 3,9 1-^ 2, 10 1-^ l21, 11 1-^ 1 


11047 


112111, 7273, 1413, 104105, 8685, 2627, 9897, 6968, 49410, 510511 


1 1-^ 1, 2 i-> 1, 3 1, 4 1, 5 ^ 2, 6 !"> 1, 7 t-^ 1, 8 3, 9 2, 10 3, 11 1 


II057 


102101, 8283, 6364, 7475, 116115, 4647, 2728, 3839, 11019, 911910 


1 1-^ 1, 2 1-^ 1, 3 2, 4 1-^ 3, 5 1, 6 i-> 1, 7 2, 8 1-^ 3, 9 1, 10 1, 11 1 


lla58 


9192, 8283, 6463, 115114, 7675, 4746, 2728, 3839, 19110, 511510 


1 1-^ 1, 2 1-^ 1, 3 ^ 2, 4 1-^ 1, 5 1, 6 1-^ 3, 7 ^ 2, 8 i-> 3, 9 1^ 1, 10 i-^ 1, 11 ^ 1 


11071 


9291, 102103, 114113, 7574, 3536, 4746, 2728, 1918, 81089, 511510 


1 1-^ 1,2 1-^ 2,3 3,4 1-^ 1,5 3,6 1-^ 3,7 2,8 2,9 121,10 ^ 1,11 h-> 123 


11072 


9291, 102103, 114113, 7475, 3635, 4647, 2728, 1918, 81089, 610611 


1 1,2 i-> 2,3 ^ 3,4 1^ 232,5 1-^ 3, 6 3, 7 2, 8 2, 9 121, 10 1, 11 2 


11073 


112111, 9392, 103104, 1415, 2625, 3637, 4847, 6869, 71079, 810811 


1 1-^ 1,2 1,3 ^ 3,4 1,5 1,6 1,7 ^ 2,8 i-^ 121,9 2,10 ^ 2,11 1 


lloioo 


112111, 9392, 7473, 1415, 2625, 8786, 4847, 109108, 31039, 611610 


1 1-^ 1,2 ^^ 1,3 3,4 1-^ 1,5 1,6 1-^ 1,7 123,8 3, 9 t-^ 2, 10 1, 11 1 


lloioe 


112111, 7273, 8384, 1514, 106105, 2627, 3738, 6869, 51059, 911910 


1 1-^ 1,2 3,3 ^-> 3,4 3,5 ^ 2,6 3, 7 ^ 3,8 i-^ 3,9 3, 10 232, 11 2 


llaioT 


112111, 8283, 7374, 1514, 106105, 2627, 3738, 6869, 51059, 911910 


1 1-^ 1, 2 i-> 3, 3 t-» 3, 4 1-^ 3, 5 t-^ 2, 6 3, 7 3, 8 1-^ 3, 9 i-> 3, 10 232, 11 2 


llaios 


9291, 7273, 103104, 115114, 4546, 2627, 3738, 1918, 81089, 511510 


1 1, 2 1-^ 3, 3 i-> 1, 4 1-^ 1, 5 1-^ 1, 6 1-^ 1, 7 2, 8 1-^ 3, 9 1-^ 2, 10 1-^ 1, 11 1 


llaiog 


112111, 9293, 8483, 1514, 105106, 2627, 3837, 7978, 59510, 610611 


1 1-^ 1, 2 1-^ 3, 3 3, 4 i-> 3, 5 f-* 2, 6 1^ 3, 7 3, 8 i-^ 3, 9 3, 10 1-^ 1, 11 2 


llaiiT 


7172, 6362, 2423, 105104, 8685, 3736, 1718, 4948, 1110119, 511510 


1 1,2 ^^ 1,3 3,4 1-^ 2,5 3,6 1-^ 2,7 1,8 1-^ 1,9 1-^ 3, 10 1-^ 232, 11 2 


llai34 


9291, 8283, 2324, 115114, 4645, 107106, 6867, 3839, 11019, 711710 


Continued on next page 
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Table 1 Continued from previous page 



K 




surjectivc honiomorphism to 3i 




1 1.2 1,3 1.4 1,5 3.6 2,7 121.8 1,9 1. 10 1. 11 2 


lldl '^q 


8182, 9293. 7473, 3534. 11G115. lUTKKi. 4847. 2829. 19110. 511510 


1 1-^ 1, 2 2, 3 3, 4 2, 5 1, 6 1, 7 1, 8 i-^ 3, 9 1, 10 1, 11 H^. 1 


llai57 


5152, 103102, 8384, 6564, 1516, 9697, 117118, 4849, 21029, 710711 


1 1, 2 1-^ 1, 3 1-^ 3, 4 1-^ 1, 5 1, 6 1-^ 1, 7 2, 8 1-^ 2, 9 1-^ 3, 10 1-^ 2, 11 2 


ll(Il65 


112111, 8382, 7473, 1514, 105106, 9697, 3837, 2928, 59510, 610611 


1 1-^ 1, 2 H-> 3, 3 3, 4 1-^ 3, 5 2, 6 i-^ 3, 7 3, 8 i-^ 3, 9 1-^ 3, 10 1-^ 1, 11 H^- 2 


llai7i 


9291, 5352, 6364, 7574, 105106, 117116, 2728, 1918, 81089, 311310 


1 (-> 1,2 1,3 2,4 1-^ 2,5 1-^ 121,6 i-^ 2, 7 i-^ 1, 8 i-^ 1, 9 i-^ 1, 10 1, 11 i-^ 3 


llai75 


8281, 9293, 103104, 115114, 4645, 2627, 1817, 7978, 39310, 610611 


1 1, 2 2, 3 3, 4 i-> 1, 5 3, 6 i-> 2, 7 2, 8 i-> 121, 9 1, 10 2, 11 2 


llai76 


8281, 7372, 5453, 115114, 105106, 9697, 1817, 2928, 39310, 411410 


1 1^2 1-^ 3, 3 1-^ 3,4 1-^ 232,5 i-^ 2, 6 2, 7 3, 8 i-^ 2, 9 1, 10 2, 11 i-^ 3 


llai94 


5152, 7372, 8384, 1415, 105106, 116117, 9897, 3839, 21029, 610611 


1 1, 2 i-> 2, 3 2, 4 i-> 2, 5 3, 6 H-i- 1, 7 2, 8 2, 9 i-> 2, 10 2, 11 3 


llai96 


112111, 9293, 7473, 8485, 1516, 2726, 107108, 5859, 39310, 411410 


1 1^2 3,3 123,4 1,5 1-^ 11211,6 121, 
7 i-> 11223, 8 121, 9 1-^ 1, 10 3, 11 H^. 2 


ll(l9n^ 


4241, 9392, 7374, 105104, 116115, 1716, 3738, 2928, 81089, 511510 


1 (-^ 1, 2 3, 3 ^ 2, 4 1-^ 2, 5 1-^ 1, 6 1-^ 3, 7 1-^ 2, 8 2, 9 1, 10 3, 11 H^- 2 


Ila2i2 


8281, 6362, 9394, 115114, 4645, 107106, 1817, 7978, 39310, 211210 


1 1-^ 1,2 1-^ 2,3 1,4 1-^ 1,5 1-^ 123,6 3,7 i-^ 2,8 121,9 i-^ 1, 10 i-^ 1, 11 3 


llci216 


5152, 6362, 104103, 1415, 8586, 117116, 2827, 4849, 31039, 911910 


1 1, 2 3, 3 2, 4 3, 5 123, 6 1. 7 3, 8 3, 9 3, 10 i-^- 232, 11 h^- 2 


11(1223 


112111, 9392, 7473, 8584, 1615. 106107, 4847, 2928, 31039, 610611 


1 1, 2 1-^ 1, 3 3, 4 1-^ 2, 5 1-^ 1, 6 1-^ 1, 7 1, 8 1-^ 3, 9 1-^ 2, 10 1-^ 1, 11 1 


11(I231 


112111, 5253, 9493, 2425, 3536, 1716, 107108, 4948, 79710, 810811 


1 1, 2 1, 3 H^- 2, 4 2, 5 H^- 3, 6 1, 7 H^- 1, 8 2, 9 2, 10 3, 11 H^- 1 


lla232 


7271, 9392, 113114, 2425, 105106, 1716, 6867, 3938, 59510, 810811 


1 1-^ 1, 2 1-^ 1, 3 1-^ 1, 4 i-^ 2, 5 3, 6 1, 7 HH. 1, 8 1-^ 1, 9 1-^ 1, 10 1-^ 2, 11 3 


110236 


7271, 9392, 6463, 105104, 4645, 2726, 118117, 1918, 31039, 511510 


1 1, 2 1, 3 H^. 3, 4 2, 5 H^- 121, 6 1, 7 1-^ 1, 8 H^. 3, 9 H^- 2, 10 H^. 1, 11 2 


lla244 


112111, 9392, 7473, 105104, 8685, 1716, 4847, 2928, 51059, 311310 


1 i-> 1, 2 1, 3 3, 4 2, 5 2, 6 1-^ 1, 7 1-^ 1, 8 3, 9 K-* 2, 10 1-^ 2, 11 1 


11 0245 


9291, 8382, 7473, 6564, 116115, 3736, 4847, 1918, 21029, 511510 


1 1-> 1,2 2,3 H^- 2,4 1,5 H^. 1,6 l,7i-^- 3,8 2,9 121,10 h^- 1, 11 1 


110261 


5152, 7372, 8384, 1415, 115116, 9697, 108107, 6869, 39310, 211210 


1 1,2 2,3 121, 4 2,5 3, 6 3, 7 1, 8 1, 9 2, 10 1, 11 3 


110263 


4241, 8382, 1413, 2524, 116115, 9796, 108107, 3938, 71079, 511510 


Continued on next page 
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Table 1 Continued from previous page 



K 


fplfitnrs 


surjectivc homomorphism to 3i 




1 1, 2 1-^ 1, 3 1, 4 1-^ 1, 5 1, 6 1-^ 3, 7 2, 8 1-^ 1, 9 1-^ 1, 10 1-^ 3, 11 2 




6261, 5253, 7473, 8584, 116115, 106107, 4847, 3938, 19110, 211210 


1 1, 2 3, 3 HH. 2, 4 3, 5 232, 6 2, 7 232, 8 2, 9 i-^ 2, 10 3, 11 h^- 3 


ll(l9Sf; 


7271, 8283, 114113, 2425, 105106, 1716, 5857, 4849, 69610, 311310 


1 1,2 1-^ 3,3 3,4 1-^ 2,5 1-^ 232,6 3, 7 1-^ 2, 8 1-^ 3, 9 1, 10 i-^ 2, 11 1-^ 1 


llAqn"; 


4142, 103102, 7374, 8584, 9596, 3637, 1817, 118119, 69610, 211210 


1 1,2 1,3 H^- 123,4 H^- 1,5 3,6 H^- 1,7 3,8 H^- 2,9 H^- 2, 10 H^- 3, 11 2 


ll(I■^nfi 


6162, 5352, 8384, 9495, 106105, 116117, 1718, 4849, 39310, 211210 


1 1,2 1-^ 1,3 1-^ 3,4 1,5 2,6 1,7 HH. 121,8 1-^ 2, 9 h-> 3, 10 1-^ 3, 11 1-^ 2 


11(1318 


7271, 9392, 6463, 105104, 1615, 3736, 118117, 2928, 41049, 811810 


1 1,2 1-^ 2, 3 1-^ 1,4 1-^ 3,5 3,6 1-^ 2, 7 121,8 1, 9 i-^ 3, 10 h^- 3, 11 2 


11(1332 


102101, 5352, 9394, 7574, 115116, 3736, 2728, 1918, 49410, 811810 


1 i-> 1, 2 3, 3 2, 4 1-^ 2, 5 1-^ 1, 6 1-^ 1, 7 3, 8 3, 9 1-^ 2, 10 2, 11 1 


lltt'^'iS 


7271, 113112, 104103, 8584, 9695, 1716, 2827, 5958, 31039, 411410 


1 1-> 1, 2 1, 3 H^- 1, 4 3, 5 H^- 2, 6 1, 7 H^- 1, 8 1, 9 3, 10 2, 11 H^- 1 


llaq^n 


6261, 9392, 104103, 8584, 116115, 1716, 4847, 5958, 31039, 211210 


1 1-^ 1. 2 1, 3 HH. 3, 4 2, 5 1, 6 1, 7 1, 8 3, 9 2, 10 1, 11 H-> 1 


110351 


9291, 8283. 7473, 2524, 115116, 1617, 108107, 5958, 49410. 311310 


1 ^ 1. 2 3, 3 ^ 3. 4^2,5^ 1. (i ^1,7^ 1. 8 ^ 3. 9 2, 10 2. 11 ^ 1 


1101352 


9291, 8283, 7473, 2524, 1516, 116117, 108107, 5958, 49410, 311310 


1 i-> 1, 2 3, 3 3, 4 2, 5 1, 6 1, 7 1, 8 3, 9 2, 10 2, 11 H^- 1 


lla-^i^t; 


6261, 8382, 9493, 105104, 2625, 117116, 1817, 3938, 41049, 511510 


1 1-> 1, 2 1, 3 H^- 3, 4 2, 5 H^- 1, 6 1, 7 H^- 3, 8 2, 9 1, 10 3, 11 H^- 2 


ll?i71 


4241, 1312, 7473, 2524, 115116, 9796, 3837, 6968, 81089, 110111 


1 1-^ 1, 2 i-> 1, 3 1, 4 1, 5 1, 6 1-^ 2, 7 1, 8 1, 9 3, 10 ^^ 2, 11 H^- 3 


ll?i72 


112111, 7273, 1413, 105104, 8685, 3637, 5857, 7978, 41049, 911910 


1 1-> 1, 2 i-» 3, 3 3, 4 h-i. 2, 5 1, 6 i-» 3, 7 3, 8 i-» 2, 9 i-» 1, 10 H-i. 3, 11 2 


11t173 


112111, 7273, 1413, 105104, 8586, 3637, 9798, 6869, 41049, 911910 


1 1, 2 1, 3 ^ 1, 4 1, 5 3. 6 1, 7 1, 8 2, 9 3, 10 2, 11 H^- 1 


11 7174 


112111, 7273, 1413, 104105, 8685, 3637, 5857, 7978, 1191110, 510511 


1 1, 2 1, 3 1, 4 1-^ 1, 5 2, 6 1^ 1, 7 H^- 1, 8 3, 9 2, 10 3, 11 H^. 1 


11^75 


112111, 7273, 1413, 104105, 8586, 3637, 9798, 6869, 1191110, 510511 


1 1-^ 1, 2 i-> 3, 3 3, 4 2, 5 2, 6 i-> 3, 7 ^ 3, 8 1, 9 2, 10 ^^ 2, 11 H^- 2 


11^76 


112111, 7273, 1413, 104105, 8586, 2627, 5758, 6869, 1191110, 510511 


1 ^ 1.2 3,3 3.4 2,5 2.6 3,7 3.8 1. 9 2, 10 2, 11 2 


lln77 


112111. 7372. 1413. 1()-^)1()4. 8()8-5. 979G. 3837. ()9()8. 41049. 911910 


1 1, 2 1, 3 1, 4 1, 5 3, 6 2, 7 1, 8 1-^ 1, 9 3, 10 2, 11 H^. 1 


lln78 


4241, 9392, 1413, 6465, 115116, 9796, 6867, 2928, 71079, 510511 
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K 




surjective honiomorphism to 3i 




1 1.2 1,3 1.4 1,5 2.6 3,7 2.8 1.9 1, 10 ^ 3, 11 ^ 1 


llnsi 


112111. 8283. 1413. 105104. Il(ill5. 9796, 3738. ()9()8, 71079. 511510 


1 1. 2 1, 3 1, 4 1, 5 3, 6 2, 7 1, 8 i-^ 1, 9 3, 10 2, 11 H^. 1 


lings 


112111, 7372, 103104, 1415, 2625, 8786, 4847, 2829, 71079, 810811 


1 1,2 1-^ 1,3 1-^ 3,4 1-^ 1,5 1,6 1-^ 1,7 2,8 1-^ 121,9 2,10 2,11 1-^ 1 


llrige 


112111, 7372, 8384, 1415, 2625, 9796, 107108, 119118, 29210, 311310 


1 1-> 1,2 i-» 1,3 i-> 3,4 i-> 1,5 1,6 H-> 1,7 2,8 2,9 121, 10 h^- 2, 11 1-^ 1 


llTisv 

' "of 


9192, 6263, 103104, 1514, 2526, 116117, 6867, 4849, 29210, 710711 


1 1,2 2,3 3,4 1-^ 123,5 1-^ 3, 6 1-^ 1, 7 1-^ 1, 8 1-^ 1, 9 1-^ 3, 10 1, 11 1-^ 1 


llTlg4 


9291, 112113, 104103, 8485, 3635, 2627, 5758, 1918, 81089, 511510 


1 H^- 1,2 1,3 2,4 i-> 121,5 i-> 2,6 2, 7 3,8 1,9 1, 10 1, 11 1-> 3 




8182, 9392, 5453, 1514, 106105, 1716, 2728, 7978, 51059, 611610 


1 1-^ 1, 2 1-^ 1, 3 1-^ 1, 4 1-^ 3, 5 1-^ 2, 6 1, 7 1, 8 1-^ 1, 9 1-^ 1, 10 1-^ 3, 11 2 


llrj,]^Q5 


9291, 7372, 8483, 104105, 116115, 5756, 3837, 1918, 81089, 710711 


1 1, 2 3, 3 H^- 2, 4 1, 5 H^- 1, 6 1, 7 H^- 1, 8 3, 9 2, 10 1, 11 H^- 1 


lljlinR 


9291, 7273, 5354, 1415, 116115, 2627, 3738, 1918, 81089, 311310 


1 1, 2 3, 3 HH. 1. 4 1, 5 1, 6 1-^ 1, 7 2, 8 i-^ 3, 9 2, 10 1, 11 1 


II7IIO7 


9291, 7372, 8483, 6465, 1516, 117116, 3837, 1918, 81089, 411410 


1 1-> 1, 2 3, 3 H^- 2, 4 1, 5 H^- 1, 6 1, 7 H^- 1, 8 3, 9 2, 10 1, 11 H^- 1 


llni36 


8281, 103102, 7473, 115114, 4645, 107106, 1817, 7978, 41049, 211210 


1 1-^ 1,2 2,3 ^ 121,4 1,5 123,6 3, 7 2,8 121,9 1,10 1,11 3 


llni64 


6162, 113112, 6463, 105104, 8685, 4746, 1718, 119118, 51059, 311310 


1 1, 2 2, 3 H^- 2, 4 1, 5 H^. 3, 6 3, 7 H^. 2, 8 3, 9 232, 10 h^- 2, 11 1-^ 2 


llni83 


8281, 5352, 104103, 1514, 115116, 107106, 1817, 6968, 31039, 811810 


1 1-^ 1, 2 1, 3 3, 4 3, 5 2, 6 2, 7 1, 8 i-^ 1, 9 3, 10 3, 11 2 


llni84 


7172, 5352, 104103, 1514, 115116, 107106, 2728, 6968, 31039, 811810 


1 1-> 1, 2 1, 3 H^- 3, 4 3, 5 H^. 2, 6 2, 7 H^- 1, 8 1, 9 3, 10 3, 11 H^. 2 


llni85 


7271, 5352, 1413, 114115, 106105, 1716, 2827, 4948, 39310, 211210 


1 1-> 1, 2 1, 3 H^. 3, 4 2, 5 H^. 2, 6 1, 7 H^. 1, 8 1, 9 3, 10 3, 11 H^- 2 


Table 2: Surjective homomorphisms to 4i 




a: 


relators 




surjective homomorphism to 4i 


lias 


101102,6 2 63,24 23,94 95,3 5 36,4 746,118117,5 8 59,810 89,110111 


1^1,2^ 123, 3 ^ 33141, 4 3, 5 3, 

6 ^ 12233, 7 123. 8 3, 9 3, 10 3, 11 131 


llOG 


8 2 8 1, 4 3 4 2, 11 3 11 4, 6 5 6 4, 9 5 9 6. 10 7 10 6, 1 8 1 7. 7 9 7 8. 5 9 5 10. 2 11 2 10 


1 ^ 1. 2 H- 1,3 ^ 4. 4 ^ 3, 5 ^ 212, G ^ 123, 7 ^ 1, 8 h- 1. 9 ^ 1, 10 h- 3, 11^2 


Continued on next page 



A PARTIAL ORDER ON THE SET OF PRIME KNOTS WITH UP TO 11 CROSSINGS 9 





Table 2 Continued from previous page 




A 


relators 






surjectivc homomorpliism to 4i 




1 1 Or, 


8 1 8 2, 4 3 4 2, 11 3 11 4, 7 5 7 4, 10 5 10 6, 5 7 5 6, 9 7 9 8. 2 8 2 9. 6 9 6 10, 1 11 1 10 






1^1.2^ 1,3 ^ 4. 4 ^ 3, 5 ^ 2. (i ^ 212. 7^1,8^ 1,9 ^ 1. 10 ^ 3. 11 ^ 


2 




-LJ-<Il32 


5152,8283,104103,6564,1516,9796,118117,2829,41049,711710 






1 1, 2 2, 3 212, 4 2, 5 12412, 

6 t-^ 212, 7 3, 8 1-^ 3, 9 1-^ 232, 10 h-> 3, 11 3 




J.±U239 


112111,53 52,73 74,85 84,95 96,1716,108107,2829,31039,410411 






1 1, 2 1-^ 1, 3 H^- 2, 4 i-> 3, 5 4, 6 1-^ 1, 7 1, 8 1-^ 2, 9 1-^ 3, 10 H-> 4, 11 H^- 1 




11(I297 


10 2101,6 263,113114,7574,9 5 96,1617,4847,3 8 39,210 29,510 511 






1 1, 2 1-^ 2, 3 1-^ 2, 4 1-^ 2, 5 1-^ 243, 6 2, 7 3, 8 4, 9 i-^ 3, 10 i-^ 4, 11 i-^ 


2 




ii(l348 


52 51,113112,7473,104105,9695,3 736,4847,2829,11019,811810 






1 1, 2 3, 3 H^- 4, 4 4, 5 H^. 141, 6 h^- 4, 7 4, 8 i-^- 4, 9 i-^- 1, 10 i-^- 1, 11 


2 




iitt349 


10 2101,8 283,74 73,2 524,9 6 95,1617,118117,6968,510 59,410411 






1 1-^ 1, 2 1-^ 2, 3 1-^ 1, 4 1-^ 3, 5 1-^ 4, 6 1-^ 4, 7 1-^ 141, 8 i-^ 4, 9 i-^ 4, 10 4, 11 


1 






6162,1312,7473,105104,2526,4746,3837,1819,1191110,411410 






1 1, 2 131, 3 3, 4 H^- 1, 5 3, 6 H^- 123, 

7 ^ 212, 8 2, 9 3, 10 141, 11 4 




llni48 


112111,9392,103104,115114,3536,1716,4847,5859,61069,810811 






1 1-> 1, 2 1, 3 4, 4 1-^ 3, 5 2, 6 1, 7 H^- 1, 8 4, 9 3, 10 1-^ 2, 11 H^- 1 




llni57 


5152,113112,1314,9495,8685,2627,3837,2 829,11019,811810 






1 1,2 1,3 2,4 3,5 1,6 2,7^ 3,8 4,9 141,10 4,11 


4 




llni65 


9192,5 352,8 3 84,7574,3635,116117,108107,3839,19110,411410 






1 1-^ 1,2 1-^ 1,3 4,4 1-^ 3,5 1-^ 3,6 1-^ 243,7 i-^ 3, 8 i-^ 2, 9 1, 10 1, 11 i-^ 


4 






Table 3: Surjective homomorphisms to 5i 




K 


relators 




surjective homomorphism to 5i 


lln78 


4241,939 2, 1413, 6465, 115116, 979 6, 686 7, 292 8, 7 10 7 9, 5 10 511 




1 1, 2 1-^ 5, 3 1-^ 4, 4 1-^ 3, 5 242, 6 i-^ 4, 7 i-^ 242, 8 i-^ 3, 9 i-^ 2, 10 i-^ 212, 11 i-^ 


2 


llni48 


112111,9392,103104,115114,3536,1716,4847,5859,61069,810811 




1 1, 2 212, 3 4, 4 H^- 5, 5 4, 6 H^- 4, 7 3, 8 H^- 2, 9 H^- 232, 10 2, 11 


^ 2 




Table 4: Surjective homomorphisms to 52 






relators 






surjective homomorphism to 52 




linn 


4241,1312,7473,2524,115116,9796,3837,6968,81089,110111 






1 1, 2 5, 3 H^. 4, 4 3, 5 H^. 2, 6 3, 7 H^- 2, 8 1, 9 5, 10 4, 11 H^. 5 




llni85 


7271,53 52,1413,114115, 106105,1716,2 827,4948,39310,211210 
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K 


relators 


surjectivc homomorphism to 62 




1 1-^ 1,2 1-^ 5,3 5,4 1-^ 4,5 1-^ 5,6 1-^ 13l,7 1-^ 3, 8 2, 9 1-^ 1, 10 1-^ 12l, 11 1 



Table 5: Surjective homomorphisms to 61 



K 


relators 






surjectivc homomorphism to 61 




110352 


5 2 5 1, 11 3 11 2, 10 3 104, 94 95, 8 6 85, 3 736, 2 728, 1 9 1 8, 4 94 10, 7 11 710 






1 I— > 1, z 1-^ z, 3 1-^ 2, 4 1-^- 3, 5 I— > 4, 6 i-^- 4, 7 I— > zl4, 8 1-^ 4, 9 1— > 5, 10 1— > 0, 11 1-^ z 






Table 6: Surjective homomorphisms to 62 




l\ 


relators 






surjective homomorphism to 62 




110351 


5251,113112,9394,104105,8685,3736,2728,1918,49410,711710 






1 1-^ 1, 2 2, 3 2, 4 3, 5 4, 6 1-^ 4, 7 214, 8 4, 9 5, 10 6, 11 2 






Table 7: Surjective homomorphisms to 63 




K 


relators 






surjective homomorphism to 63 




lla47 


4241,1312,8384,2 5 24,115116,9796,3738,109108,71079,510511 






1 1, 2 1-^ 6, 3 ^ 5, 4 4, 5 f-^ 3, 6 4, 7 3, 8 2, 9 6, 10 234, 11 6 




lla239 


72 71,1312,6463,8485,9695,106107,2827,119118,39310,411410 






1 1, 2 6, 3 H^- 5, 4 5, 5 H^- 135, 6 i-^- 5, 7 4, 8 1-^ 3, 9 i-^- 3, 10 h^- 2, 11 3 






Table 8: Non-existence of surjective homomorphism 




K' 


K{p) 


3i 


lla6(3), lla78(3), 11093(3), llai3o(3), llai32(5), llai46(3), llai52(3), llai79(5), 
llai84(5), 110237(3), 110239(3), lla243(3), lla248(3), lla27i(3), lla273(7), lla283(3), 

lla29o(3), 110335(5), lla346(5), 110347(3), 110353(5), 110354(3), ll0365(5), lln65(3), 

lln66(3), 11/198(3), lln99(3), llni22(7), llni25(3), llni43(3), llni48(3), llni49(3), 
llni58(3), llni76(3) 


4i 


11029(3), 11067(3), lloi04(13), 110112(29), 110157(53), lloi68(17), 110213(3), 11022o(3), 

110223(3), llo264(7), 110305(7), 110350(3), llo35i(3), 110352(3), lln66(3), lln84(3), 
lln85(3), llni62(7), llni64(7), llni75(7), llni85(3) 


5i 


110223(5), Iln69(5),lln76(29) 


52 


110297(5), 11^64(5), 11^68(5), 11^75(41), 11^84(5) 


61 


ll06(7), ll08(7), ll038(ll), ll058(13), lloio2(7), lloio3(ll), Il0i32(7), Il0i35(7), 

llai65(ll), llai8i(7), 110187(7), llai99(7), lla2oi(ll), llo249(7), lln67(7), lln68(7), 
lln69(7), lln72(ll), lln97(7), llmoo(7), llm22(7), llm39(7) 
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69 


Ila9sf7) llar;7f29) lla7Qf7) \\a^m(l\ llainsf7) llai^Qflll llaisif29~) llaiQQf7") 

Ila93if29) lla^^^il) llnsfif7l llnssf7) 




lla«f5) Ila3sf5) Ila44f29) Ila7qf5) lla«fif5), llainqfS) llai«7f5), Ilaiq7f5), 
lla9AQf5). Il(29f;r;f5), lla'^9fif5). llniofS), llniPirfS) 


72 


llaiq7(7), lla397('7'), llnfir;f7"), llnifi2(7") 


73 


Ilni7^f3) 


74 


lla43(7) 

-L J. J y 1 J 


75 


lla22o(ll) 


7fi 


llnQ4(7) 


7? 


110332(2), Iln28f2), llni25(2), Ilni76f2) 


81 


llnqq f3) 


82 


1177.6(7) 




11"(>(~) 


86 


lla9q(5), llnonf5), llni «;i (5), llni t;9f5) 


87 


11^24(5) 


88 


llo67(5), llaio4(5), llai68(5), 111139(5), lln45(5), lln5o(5), llni32(5) 


89 


Ilaii2(7),lln37(7) 


810 


llai57(7), lla264(2), 110305(2), llnio6(7) 


oil 


11rtfiC2'l 11rtr;oC2') 11oiQ9r7'l noifi.;C2') n«Q.;oCS') nr7'7of7') nr7no('7'l 
x±U6 J- ict58 V^/; J-±cti32^ * ^, J. -Lai65\^^^, -'--'-**352 V^/? -'--'-'*72 V ' / ? -i--L'il22^' ^ 


813 


lla46(3), llni84(3) 


814 


J^J^"93lJ^J^j) J- J- "349 J- J- ^ 


81 c 

"15 




816 


llriiTrl'^'l ^^n^nn(K\ ^^n^^(K\ ^^nKc(^\ ^^nKo('^\ 


817 


J^J^"176vJ^ -LJ^"350W/i ^^"■531'J; 


818 


^^n^^'7^o\ ^^n^a^^'X\ ^^n,,^^('\'^ ii«or('9'i iinic^i''?'\ 

-L-l-U'i57l^Zj, lia264^,'Jj, iiU305l^Oj, ii/t85^^^j, ll/tl64l,^j 


820 


^^nA',(^^ ^^n^A^^^ ^^nA'7(^^ ^^n^:'7(^^ ^^n^a(^\ ^^n'y<^(^') ^^n■<t^a(^^ iioinnf^"! 

i±U43^^J^, -'--'-'*44i'J/; J^^"47W/i J^"57W/; J^"58V'-'y7 ^^"72V'-'y7 ^^^^"1081'-'/; ^^^Wix'^Ji 

nrjiQnC^'l lloic^rR') lloificf^l nryoQif^l nooKQ('5'l lloofi^f^'l llry^ncf,^'! IIoqqoI'R'I 
J^f^l39v^77 J^"157V'-'/7 ^^'^165^'-'^7 ^^'^231 V^/ ? J^'^263V'-'/i ^^'^2641,^77 ^ ) i -'^-'^'^332^'-'^ 

lln7i(5) llnv9(5) 11717^(5) lln7/i(5) lln7t;(5) lln7fi(5) 11^77(5) lln7»(5) 

ll?7,fi1 (5) ll7?,«p;(5) ll?7,in«(5) llnifi/l(5) 


001 


lla6(2) llai39(2) llair,7(7) 110993(3) lla93q(2) 110964(5) lla3n';(5), lla3r;i (3), 

W(l'i^'y(b)s ll?T/fiRf2), llnsf^f5), ll7Zi4«f2), llnifi/if5), llTiisf^fS) 


92 


11043(11) 


94 


IItii 'ifi f 7) 




ll024'i(5) 


9(, 


ll02(ii(2). 


97 


110213(7) 


98 


11093(5), 110349(5) 


9io 


ll0236(5) 


9ii 


11^95(7) 


9l2 


110297(3), 11^84(3), llni85(3) 


9l4 


110107(3), 110347(3) 


9l5 


110117(2), llai52(2), lln63(2), llnioi(2) 


9l8 


ll0246(7) 


9l9 


Ilo78(7),llai3o(7) 


920 


llai46(5), lln26(5) 
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^22 


Ila26i(3),llni28(3) 


^zo 


11043(3) 


924 


llftif^rfS), Ila9fi/if2), llaqn^(2), llnsf^fS), llniRAfS) 


925 


llainnfS), llaoonfSl. IItii^aO) 


^26 


lln25(5) 


927 


llaiQfi(7), 110216(7), 110286(7), lln4(7), lln2i (7), llni72(7) 


928 


11072(2), lln87 (3) 


^29 


11072(3), lln87(2) 


9.30 


ll07l(3). Il0248(3). llTil3()(r)) 


9:ji 


ll;)i 1 (.■)). 11;;., 9 (•")). 11;) 1 19 (5). 11;/|07(")) 




11073(11), 11^52(11), llni24(ll) 




110171(7) llnr;>^f7') 




Ilnci2f2") llniiQf2) 




lloRf2) Ilai39f2~) Ila3«;9f3") llninnf2~) 




1 1 ?7 1 CO ( 1 

i J. / (-152 V'-' / 


94n 


llnfifif2l 

J. J. * ('OD V / 


941 
'-'41 








0*44 


lloy2('3') Ilai5t;f5') lla,27('3'l llnoyl'S') llnifi.;('3l 


'-'45 


llo=;i('3'l llnoH('3) 11/710^^31 


'-'4D 


llofifSl llosfr)) llaisiCS) llat;«('17~) Ilain2f5') lloifr^fS) Hanoi's) IIotj^CS) 




lloi fit; f 17) lloi SI f5). Ilais7(5). lloi QQf7). Il(i9ni f5). llo94cif5). llci'^';9fll). Il7ifi7f5). 




llnfisfS), llTlfiqf5). 111179(17). 117107(5). llTlinn(5), 11t1199(5). llTll3q(5) 


948 


llni(2) 


949 


110945(5) 

-1- -J- >-v^lJ: J \ ^ / 


IO7 


11050(5), lln3(5) 


10x4 


lloifii(2), lln2(5) 


1020 


llnii7(5) 


1021 


11 ;)(><)(•")) 


IO25 




lO^n 


llai r^/if3) 


IO33 


110333(11) 


IO36 


110212(7), llo93o(7), lln29(7) 


IO38 


lloififi(3). 


IO41 


lln5(7) 


IO44 


llni54(13) 


IO46 


lln6o(5) 


IO53 


11095(5) 


1056 


110i4o(5) 


IO57 


lln4o(5), lln46(5) 


IO59 


lln66(2) 


lOeo 


llni65(3) 


1062 


lln76(5), lln78(5) 


1065 


lln7l(3), 1177.75(3) 


10,ii, 


11«245(3) 
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1067 


llnfisfS) 


IO71 




IO74 


lln6s(2) 


IO77 


lln7i (5), llriT^S) 




llnqRf2), llnin>s(3) 




llai Qn(7) 

J. J. j^yy y ■ J 


1084 


Ila46(2),llm84(2) 


1086 


lla-^nrfS). Ila'^9'^f5l 


1087 


llo,8(2). lloi65(2). Ilri72(2) 


1()|,2 


llai vilT)). ll«-)-)i (•')), ll/fT,!-')), ll;U'i(-V) 


IO98 


lla.58(2), llai65(2), lln72(2) 


lOioi 


Ila9nnf5) 


IO105 


llni63(7) 


IO108 


llnifii (2) 


IO112 


Ilais4f3) 


IO113 


110197(2), llflwfS) 


IO114 


llaq3(3) 


IO116 


1107(5), lla3-?(5), llo82(5) 


IO117 


11023(7), llain(7) 


IO118 


ll09.;7(7) 


IO119 


11084(7) 


IO191 


llo4i(7) llaisq(7) lloiQs(7) lloqc,i(7) 


IO199 


llni«';(2) 


10123 


ll028(5) 


10127 


Il0i84(5), ll0348(5), lln5i(5) 


10129 


11067(5), llaio4(5), llai68(5), 117139(5), lln45(5), lln5o(5), llni32(5) 


J^"130 




-'-'-'131 


-'--'-ogs^^J^, 110349(^0^ 


iriioo 

J^'J132 


iionnoC'i'i ^^nan(^\ ^^n'7a(^\ ^^n'7o(^\ ^^n^Ao(^\ 

-1-10223V"-'/) "'69 W / > -'--'-"'76l,"-'/> -'--'-"'78V"-'/) -'--'-"'148V"-'/ 


J^"133 


ii/t94^^<Jj 


-'-'-'136 


i.i.UQ\Zi), ±10132^0^, 110157^^0^, 110223V-^/) -'--'-0239V-^^ -'--'-02641,^/) -'--'-O305V-^/) -'--'-0351V-^^ 

^^noKn('K\ iir)<!cC2') ^^nQ^(Vl ^^n^A^l(2'\ ^^'n^R^('^^ ^^'n^<iK('2'\ 

-'--'-"'352^^/? "66 V-^/? -'--'-"85^^/5 "148 V-^^ -'--'- "164 7 -'--'- "185 V-^/ 


J^"137 


LLt-L^yt )^ iiU297l^o^, ±x/t66V"-'/ 


-'-'-'140 


^^n^1(Vl WnAA(V\ Ho^^i's'i no^-yi's'i noK«cs'> iio'ttCs'i noin«("^'i noinafs'i 

11oiqq(3) 11o,ic^'7(3) 11(7,i«c^(3) llao'ii(3) llo,of;Q(3) ll(7,9fi/i(3) lla':inc;(3) llo,-:i'^o(8) 

lln7l(3), 11^72(3), 11^73(3), 11^74(3), lln75(3), 117176(3), Il7l77(3), 117178(3), 
Il7l8l(3), Il7l85(3), llni06(3), llrii64(3) 


IO143 


Il0l57(5), ll0264(2), llO305(2), Il7li06(5) 


IO144 


lln99(2) 


IO145 


11^77(5) 


10l46 


llni8(5), lln62(5) 


IO147 


ll06(2), 11058(2), Il0i32(5), 110165(2), 110352(3), Il7l72(5), Il7ll22(5) 


IO149 


lloi46(5), 117126(5) 


IO15O 


Il0i84(5), ll0348(5), Il7l5i(5) 


IO15I 


117154(5), Il7ll29(5) 
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10155 


110112(5), 11^37(5) 


lOD 


lla-ir^ib), lla-^nfifS). llni^fS), lln^fifSl, lln^R(5) 


IO159 


11044(5), 1X047(3), XXoinq(2), 11o23q(2) 


IO160 


110203(2), XXnii8f2) 


IDo 


llnii7(5) 


10i64 


11072(3), 1X7187(2) 


IO166 


XXaii7f5), XXoiciofS), XXnfi3f5), XXnmi (5) 


lloi 


110199(7), XXOMof?) 


11 02 


ll0iif;(7) 


lloi 


1 la 1 1 II { 7 ) 


llog 


110139(2), 110352(3) 


1X07 


10ll6(5), 11033(5), 11082(5) 


Hag 


XX038(2), XXOl87(2), XXa24q(5) 


lloio 


Il09fi9(7) 


lloii 


llaiK7(3) 


llcil2 


XX0141 (3) 


llai9 


11025(7), ll028l(7) 


11023 


10117(5), lloiii(5) 


II024 


Ila9fif5). Ila'^if^f5) 


11 0,25 


ll0iq(7). ll09Sl(7) 


II026 


Ila9/if5), lla^ic^fS) 


IIO28 


10l23(7) 


llflso 


XXa979(7) 


11031 


110317(5) 


llo^'^ 


10ll6(7), 1107(7), XX082(7) 


1X034 


XXoi >;8(5) 


II035 


110316(1X) 


XX 036 




XX038 


XXas(2), XXois7(5), XXo24q(2) 


II040 




XX041 


IO121 (5), lloi83(5), XXoiQ8(5), XX0331 (5) 


XX044 


XXa47(3), XXoinQ(2) 


XX 046 


X084(3), XXni84(5) 


XXa47 


11044(3), XXoinq(2) 


II054 


110172(7) 


XX 056 


XXai85(5), 110205(5) 


XX057 


Iloio8(2),llai39(2), 1X0231 (3) 


XX058 


1087(3), 1098(7), XXoi65(7), 117172(3) 


XX059 


107(XX),ll7l3(XX) 


1X063 


110309(5) 


XXo64 


1171174(3) 


XX 066 


llai63(7) 


11067 


110104(3), XXoi68(3) 


11071 


110248 (2) 


11 071, 


llai„u(ll),lla2«>j(ll) 
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llai qnfS) 


11079 


llaor.^: (7) 

-L J- \^ > J 


llflgl 




11^82 


lOi 16(5), 1107(5), 11033(5) 


11^84 


lOliqfT) 


11 ago 


llaii8(2) 


11 093 


10ii4(2) 


11^95 


1053(5) 


11 "98 


110119(3) 


11 "99 


11(1277(2) 


llainn 


lla2qn(2) 


ll(ll02 


llaisi f5), llaiQqfS) 


II0103 


llooni (5) 


lifting 


llafiyO). ll«lfis(3) 

Ui \ /' -LUO\ / 


llainfi 


11(2194(3), lla34fi(2) 


llOlOT 


10113(2), 110347(2) 


llflinx 


11057(5), llai^q(5), 110931 (5) 


llftino 


11044(5), 11047(5) 


llftllO 


1104(11) 


llftlll 


10117(5), 11003(5) 


lloiie 


1102(7) 


llaii7 


110152(2) 


lldllS 


lloQn(2) 


lldl 1 q 


llaqs f3) 


llfl^l22 


II01 (5), 110149(5) 


ll(Il30 


11(178(2) 


llai3i 


11^9^9(7). 11^9^,4(7) 
_L j_ \^ 1 y . -i- -i- '-<'Z041 \ ' / 


llai32 


llo6(2), 110352(3) 


ll(Il37 


110202(2) 


II0138 


ll0285(ll) 


ll(ll39 


llac;7f5). Ilainsf5), lla9^i f5) 


llOlzin 


1025(7). 1056(7) 


llftl41 


11012(3) 


llai49 


lloi(5), 110122(5) 


llai52 


110117(2) 


llai53 


1092(5), 110224(5), lln35(5), 11^43(5) 


llai54 


103o(7) 


llai57 


ll0264(2), 110305(2) 


llai58 


11034(5) 


llaieo 


ll076(5), 110289(5) 


llaiei 


10i4(2), 11712(2) 


llai63 


ll066(5) 


llai65 


1087(3), 1098(3), 11058(3), 117172(3) 


llolGfi 


10,38(3) 


11«1()7 


ll«ii(3) 
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J.UO 


llaR7(3), llain4(3) 


llftlfiQ 


llasfi(5) 

_i_ _i_ t-f^Q 


llai72 


11054(7) 


llai75 




llai78 


Ila2q4(2) 


llaisi 


llain2(2), llaiqQ(2) 


ll(Il83 


IO121 (5), 11041 (5), lloi9«(5), II0331 (5) 


llais/1 


10112(3) 




lla-,G(r)). Il02fi5(5) 




110211 (5) 


llai87 


lla8(2), lla38(5), 110249(2) 




108^(7) 


II0192 


110299(11) 


llaiq4 


llainR(3), llas4fi(2) 


llai95 


lla97'?(5), llriiizi(5) 


llOlQfi 


llo2ifi(3), lla9sfi(3) 


llaiqs 


10i2i(5), lla4i(5), llai83(5), llo33i(5) 


llai99 


llain9(5), II0181 (5) 


lla9nn 


lOini (5) 


lla2oi 


llai n-^ f 5) 


lla202 


llais7(5) 


lla9nzi 


Ila99'?f7) 


ll(l216 


lloi9fi(3), llo2Sfi(3) 


lla22i 


lla9^Qf5) 


lla222 


-»- J- '-*'zu4i V / 


lla223 


llni4«(2) 


110224 


1009(5), llai^3(5), lln35(5), lln43(5) 


11^226 


lla229(ll) 


lla229 




1 1^230 


1036(7), Ila2i2(7), lln2q(7) 


ll(l23l 


llors7(3), llain8(2), llai3Q(2) 


II0238 


llni7i(ll) 


lla24i 


llaisf;(5) 


lla242 


lings (5) 


1 1 a245 


1066(3) 


lla246 


9i8(5) 


lla247 


938(3), 1063(7) 


11 0248 


ll07l(2) 


11 0249 


Il08(7),ll038(2),ll0i87(2) 


lla251 


110253(5) 


lla252 


llai3i(5), 110254(5) 


110253 


ll025l(5) 


lla254 


lloi3i(5), 110252(5) 


110255 


11079(5) 


11«257 


10ii.s(5) 
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1 1^258 


llni5n(2) 


11 0259 


lla99i f5) 


11 0262 


lloin(5) 


ll09fi/l 


llois7(2). 110305(7) 


ll0265 




lla272 


lla3n(5) 


lla275 


-M. J- "-"VQi^tl. \ ^ f 


II0277 


lloqq(2) 


II028I 


11019(5), 11025(5) 


1 1"2k2 


llo.si(.3) 


IIO285 


llOl 3s(5) 


lla9sfi 


llctiQfif3), Ila9ifif3) 




llo7fi(7), llaifinfT) 


llooqn 


lloinnO) 


lla9Q4 


llai7s(5) 


llo^qq 


Ilaiq9f5) 


II0305 


110,57(2), lla964(5) 


llo-^nfi 


llai 7^ (5) 


110307 


108fi(7), 110393(7) 


llo^no 


Il0fi3(7) 


IIO315 


11094(11), lla2fi(ll) 


IIO3I6 


II03J5) 


IIOI3I7 


lla3i(7) 


IIO323 


1086(5), lla307(5) 


lla-^-^n 


lla4n(7) 


11<I331 


10i2i(5), lla4i (5), llais3(5), llaiQ8(5) 


llo^qT 


1033(5) 


lla339 


llni8o(ll) 


11 0342 


lla-iActib) 


1 1 0343 




1101344 

J- J- "-V JiJiH 




ll034fi 


lloinfi(2), llaiq4(2) 


II0347 


10ii3(3), 110107(2) 


II0352 


llo6(2), llai32(2) 


Il03g3 


1103tS4(5) 


llni 


948(7) 


lln2 


10i4(7),llai6i(2) 


llns 


107(7), 11059(7) 


lln4 


927(7), llai96(7), Ila2i6(7), lla286(7), lln2i(7), llni72(7) 


llns 


104i(7) 


line 


82(7) 


llnr 


llni3i(7),llni6o(7) 


llns 


11^59(7) 


11 "10 


llnio:i(5).llrM44(5) 


ll"ii 


9;ii(5), 11/(22(5), ll//ii2(5), 11/(127(5) 
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lly7,i n 


6-^f7) lOq^fTl lOinnf?) lOir^qf?) llosf?) llaqsf?) lladztf?) lladTf?) 

llavqf?) llasfif?) llainQC?), Ilais7(7"), llaioTf?), llao'^QC?"), lla94Q('7"), llaQr^tifT). 

Ila'^9fif7), \\'n^^^(l\ 


llni4 


llni2i (2) 


llni5 


SififS), 10i56(5), llai75(5), lla306(5), llnsefS), llnssfS) 


llnis 


10i46(2), lln62(2) 


llnig 


llni35(5) 


lln20 


86(7), 1032(7), lla29(7), llni5i(7), llni52(7) 


lln2i 


927(5), llai96(5), Ila2i6(5), lla286(5), lln4(5), llni72(5) 


lln22 


931 (5), llnii(5), llmi2(5), llni27(5) 


lln24 


87(5) 


lln25 


926(7) 


11"2G 


92u(-'>)-i<)iw(-''j-ii"ii6(r)) 


11«28 


77(2), 110332(5), llni25(2), llni76(2) 


lln29 


1036(2), lla2i2(2),lla23o(2) 


lln32 


934(2), llnii9(5) 


lln34 


3i(5), 4i(5), 5i(5), 52(5), 6i(5), 62(5), 63(5), 7i(5), 
72(5), 73(5), 74(5), 75(5), 76(5), 77(5), 81(5), 82(5), 
83(5), 84(5), 85(5), 86(5), 87(5), 88(5), 89(5), 810(5), 
811(5), 812(5), 813(5), 814(5), 815(5), 8i6(5), 817(5), 8i8(5), 
819(5), 820(5), 821(5), 9i(5), 92(5), 93(5), 94(5), 95(5), 
96(5), 97(5), 98(5), 99(5), 9io(5), 9n(5), 9i2(5), 9i3(5), 
9i4(5), 9i5(5), 9i6(5), 9i7(5), 9i8(5), 9i9(5), 92o(5), 92i(5), 

922(5), 923(5), 924(5), 925(5), 926(5), 927(5), 928(5), 929(5), 

930(5), 931(5), 932(5), 933(5), 934(5), 935(5), 936(5), 937(5), 
938(5), 939(5), 94o(5), 94i(5), 942(5), 943(5), 944(5), 945(5), 
946(5), 947(5), 948(5), 949(5), 10i(5), 102(5), 103(5), 104(5), 
105(5), 106(5), 107(5), 108(5), 109(5), 10io(5), 10ii(5), 10i2(5), 

10i3(5), 10i4(5), 10i5(5), 10i6(5), 10i7(5), 10i8(5), 10i9(5), 102o(5), 

1021(5), 1022(5), 1023(5), 1024(5), 1025(5), 1026(5), 1027(5), 1028(5), 
1029(5), 1030(5), 1031(5), 1032(5), 1033(5), 1034(5), 1035(5), 1036(5), 

1037(5), 1038(5), 1039(5), 104o(5), 104i(5), 1042(5), 1043(5), 1044(5), 
1045(5), 1046(5), 1047(5), 1048(5), 1049(5), 105o(5), 105i(5), 1052(5), 
1053(5), 1054(5), 1055(5), 1056(5), 1057(5), 1058(5), 1059(5), 1060(5), 

106l(5), 1062(5), 1063(5), 1064(5), 1065(5), 1066(5), 1067(5), 1068(5), 
1069(5), 107o(5), 107l(5), 1072(5), 1073(5), 1074(5), 1075(5), 1076(5), 
1077(5), 1078(5), 1079(5), 1080(5), 1081 (5), 1082(5), 1083(5), 1084(5), 

1085(5), 1086(5), 1087(5), 1088(5), 1089(5), 109o(5), 109i(5), 1092(5), 
1093(5), 1094(5), 1095(5), 1096(5), 1097(5), 1098(5), 1099(5), 10ioo(5), 
10ioi(5), 10io2(5), 10io3(5), 10io4(5), 10io5(5), 10io6(5), 10io7(5), 10io8(5), 

10io9(5), 10iio(5), 10iii(5), 10ii2(5), 10ii3(5), 10ii4(5), 10ii5(7), 10ii6(5), 

10ii7(5), 10ii8(5), 10ii9(5), 10i2o(5), 10i2l(5), 10i22(5), 10i23(5), 10i24(5), 
10l25(5), 10i26(5), 10i27(5), 10i28(5), 10i29(5), 10i3o(5), 10i3l(5), 10i32(5), 

10l33(5), 10i34(5), 10i35(5), 10i36(5), 10i37(5), 10i38(5), 10i39(5), 10i4o(5), 

10i4i(5), 10i42(5), 10i4:i(5). 10i44(5). 10ii.-,(5). 10i4fi(5). 10i47(5). 10i4,s(5). 
10i4.j(5), 10i5u(5j, 10i,i(5), 10i,2(5). lUi5;ii5). 10i54l5), 10i,5(5), lUi5u(5), 
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10l57(5),10i58(5) 

10i66(5),llai(5), 
Ila8(5),lla9(5), 
llai6(5), llai7(5 
lla24(5), lla25(5 
Ila32(5),lla33(5 
lla4o(5), lla4i(5 
lla48(5), 11049(5 
lla56(5), 11057(5 
lla64(5), lla65(5 
11072(5), 11073(5 
lla8o(5), lla8i(5 
lla88(5), lla89(5 
llag6(5), 11097(5 



10i59(5), 10i60(5), 10i6l(5), 10i63(5), 10i64(5), 10i65(5), 

1102(5), 1103(5), 1104(5), 1105(5), llo6(5), 1107(5), 
lloio(5), llon(5), 11012(5), 11013(5), 11014(5), 11015(5), 



llaio4 
llaii2 
llai20 
II0128 

Il0i36 

llai44 
110152 
110160 
110168 

Il0i76 
lloi84 
II0192 
11 0200 
II02O8 
IIO2I6 
II0224 
II0232 
110240 
ll0248 
II0256 
110264 
110272 
II028O 
II0288 
ll0296 
IIO304 
II0312 
IIO320 
II0328 
II0336 
110344 
II0352 



llaio5 
llaii3 
llai2i 
llai29 
llai37 
II0145 
II0153 
II0161 

llOiBO 
110177 

llai85 
llai93 

110201 

110209 

110217 

110225 
110233 
110241 
110249 
II0257 
110265 
110273 
110281 
ll0289 
110297 
IIO305 
II0313 
110321 
110329 
II0337 
110345 
II0353 



lloi8(5 

ll026(5 

11034(5 

11042(5 

1105o(5 

ll058(5 

ll066(5 

11074(5 

ll082(5 

1109o(5 

ll098(5 
lloi06(5 
110114(5 
110122(5 
lloi3o(5 
Il0i38(5 
lloi46(5 
110154(5 
Il0i62(5 

lloi7o(5 

lloi78(5 
lloi86(5 
110194(5 
110202(5 
llO210(5 
110218(5 
ll0226(5 
110234(5 
110242(5 
11025o(5 
ll0258(5 
ll0266(5 
110274(5 
ll0282(5 
11029g(5 
110298 (5 
11 0306(5 
110314(5 
110322(5 

11 0330 (5 

ll0338(5 
110346(5 
110354(5 



11019(5 
11027(5 
11035(5 
11043(5 
ll05i(5 

11059(5 

ll067(5 
11075(5 
11033(5 
ll09i(5 
11099(5 



110107(5 
110115(5 
110123(5 
lloi3i(5 

110139(5 
110147(5 
110155(5 

Il0i63(5 
Il0i7i(5 

110179(5 

lloi87(5 

110195(5 
110203(5 

ll021l(5 

110219(5 
110227(5 

110235(5 
110243(5 

ll025l(5 
110259(5 
ll0267(5 
110275(5 
ll0283(5 
ll029l(5 
110299(5 
110307(5 
110315(5 
110323(5 
110331(5 
110339(5 
110347(5 
110355(5 



llO20(5 
ll028(5 
ll036(5 
11044(5 
11052(5 
1106o(5 
ll068(5 
ll076(5 
ll084(5 
11092(5 

lloioo(5), 
lloios 
110116 
110124 
110132 
llfluo 
llai48 

Il0i56 

llai64 
llai72 
llai8o 
llai88 
lloioe 
II0204 
110212 
II0220 

110228 
110236 
II0244 
110252 
II026O 
IIO268 
110276 
110284 
II0292 
110300 
110308 
II0316 
II0324 
110332 
11 0340 
110348 
II0356 



11021(5) 
11029(5) 
11037(5) 
11045(5) 
11053(5) 
ll06l(5) 
11069(5) 
11077(5) 
11085(5) 
11093(5) 



11022(5) 
llO30(5) 
11038(5) 
11040(5) 
11054(5) 
ll062(5) 
llO70(5) 
ll078(5) 
ll086(5) 
11094(5) 



11023(5 
ll03l(5 
11039(5 
11047(5 
11055(5 
ll063(5 
ll07i(5 
11079(5 
ll087(5 
11095(5 



lloioi(5), 110102(5), 110103(5), 



110109(5 
110117(5 
110125(5 
110133(5 

Il0i4l(5 

110149(5 
110157(5 
110155(5 
110173(5 
lloi8i(5 

lloi89(5 

110197(5 
110205(5 
110213(5 

ll022l(5 

110229(5 
110237(5 
110245(5 
110253(5 

ll026l(5 
ll0269(5 
110277(5 
ll0285(5 
110293(5 
llO30l(5 

110309(5 
110317(5 
110325(5 

110333(5 

ll034l(5 
110349(5 
110357(5 



lloiio 
110118 
110126 
110134 
110142 
110150 

Il0i58 
11 0166 
II0174 
IIO182 
II0190 
lloi98 
110206 
II0214 
IIO222 
IIO230 
110238 
ll0246 
II0254 
ll0262 
IIO270 
110278 
II0286 
II0294 
110302 
II0310 
II03I8 
110326 
11 0334 
II0342 
110350 
II0358 



lloiii(5 
110119(5 
110127(5 
110135(5 
110143(5 

Il0i5l(5 

110159(5 

Il0i67(5 

110175(5 

Il0i83(5 

llai9i(5 
110199(5 
110207(5 
110215(5 
110223(5 
110231(5 
110239(5 
110247(5 
110255(5 

ll0263(5 
ll027l(5 

110279(5 

ll0287(5 
110295(5 
110303(5 

llo3ii(5 
110319(5 
110327(5 
110335(5 
110343(5 
110351(5 
110359(5 
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lla36o(5), lla36l(5), lla362(5), lla363(5), lla364(5), lla365(5), ll0366(5), lla367(5), 

lln2(5), 11^3(5), 11^4(5), lln5(5), lln6(5), lln7(5), 11^8(5), 
llnio(5), llnn(5), llni2(5), llni3(5), llni4(5), llni5(5), llni6(5), 



llni(5), 

11^9(5), 

llni7(5) 
lln25(5) 
lln33(5) 
lln42(5) 
lln5o(5) 
lln58(5) 

11«66(5) 
11^74(5) 
11^82 (5) 

lln9o(5) 
lings (5) 
llnio6(5 
llnii4(5 
llni22(5 
llni3o(5 
llni38(5 
llni46(5 
llni54(5 
llni62(5 
llni7o(5 
llni78(5 



llni8(5), llni9(5), lln2o(5) 

117126(5), 117127(5), lln28(5) 
Il7l35(5), Il7l36(5), Il7l37(5) 
117143(5), 117144(5), 117145(5) 
Il7l5i(5), 117152(5), 117153(5) 
117159(5), ll7l6o(5), Il7l6l(5) 
11^67(5), 11^68(5), 117169(5) 
117175 (5), 117176 (5), 11^77(5) 
117183 (5), 117184 (5), 117185 (5) 

Iln9i(5),llri92(5),ll7i93(5) 



lln2i(5 

Il7l29(5 
Il7l38(5 
117146 (5 
117154(5 
Il7l62(5 

lln7o(5 

11^78(5 
Il7l86(5 

117194(5 



117122(5 

ll7l3o(5 
117139(5 
117147(5 
117155(5 
Il7l63(5 

lln7i(5 
117179(5 

Il7l87(5 

117195(5 



, ll'^23(5 
, Il7l3l(5 
, 117140 (5 
, 117148 (5 
, 117156 (5 
, 117164 (5 
, 117172(5 
, ll7l8o(5 
, lln88(5 
, 117196 (5 



11^24(5), 
Il7l32(5), 
Il7l4l(7), 
117149(5), 

llri57(5), 

117165(5), 
Il7l73(5), 
Il7l8i(5), 

Il7l97(5), 



117199(5), ll7lioo(5), ll7lioi(5), Il7li02(5), Il7li03(5), Il7li04(5), Il7li05(5), 



ll7lio7(5), Il7li08(5), Il7li09(5), ll7liio(5), ll7liii(5) 
Il7lii5(5), Il7lii6(5), Il7lii7(5), Il7lii8(5), irriii9(5) 
llni23(5), Il7li24(5), 1171125(5), Il7ll26(5), Il7ll27(5) 
Il7li3l(5), Il7li32(5), Il7li33(5), Il7li34(5), Il7li35(5) 
Il77l39(5), ll7ll4o(5), Il77,l4l(7), Il77l42(5), Il7ll43(5) 
1171147(5), Il7li48(5), Il7li49(5), ll7li5o(5), Il7li5i(5) 
llni55(5), Il7li56(5), Il7li57(5), Il7li58(5), Il7li59(5) 
11"163(5), Il7li64(5), Il77i65(5), Il77i66(5), Il7li67(5) 
Il77i7i(5), Il7li72(5), Il7li73(5), Il7li74(5), Il7li75(5) 
1171179(5), ll7li8o(5), ll7Zi8l(5), Il7li82(5), Il7li83(5) 



Il7lii2(5 
ll7ll2o(5 
1171128(5 
1171136 (5 
Il7ii44(5 
1171152(5 
ll71i6o(5 
Il71i68(5 
Il71i76(5 
Il71i84(5 



, Il71ii3(5), 
, Il71i2l(5), 
.1177.129(5), 

, llni37(5), 

, Il71i45(5), 

,llni53(5), 
, llni6i(5), 

, ll'^169(5), 
, Il71i77(5), 

, llni85(5) 



11 7135 



1092(5), llai53(5), lla224(5), Il7l43(5) 



llnse 



117144(5) 



II7137 



89(7),10io6(7),10i55(7),llaii2(7) 



11^38 



Il7l64(5), Il7l8l(5), 1171102(2), 1171143(2) 



1171; 



39 



83(5), 104o(5), 10io3(5), 10i29(5), lla67(5), llaio4(5), llai68(5), 117145(5), 
ll7i5o(5), 1171132(5) 



11 7140 



1057(5), 117146 (5) 



ll7),4i 



117147(5) 



11 7142 



3i(5),4i(5),5i(5),52(5), 
72(5), 73(5), 74(5), 75(5), 

83(5), 84(5), 85(5), 80(5), 
811(5), 812(5), 813(5), 814 
819(5), 820(5), 821(5), 9i( 
96(5), 97(5), 98(5), 99(5), 
9i4(5),9i5(5),9i6(5),9i7 

922(5), 923(5), 924(5), 925 

930(5), 931 (5), 932(5), 933 
938(5), 939(5), 940 (5), 941 

946(5), 947(5), 948(5), 949 

105(5). 106(5), 107(5), 10, 
10i3(5),10i4(5),10i5(5) 
1021(5), 1022(5), 1023(5) 



61(5), 62(5), 63(5), 7i (5), 
76(5), 77(5), 8i(5), 82(5), 
87(5), 88(5), 89(5), 8io(5), 
(5), 815(5), 8i6(5), 817(5), 8i8(5), 
5). 92(5). 93(5). 94(5), 95(5), 
9io(5),9ii(5),9i2(5),9i3(5), 
(5),9i8(5),9i9(5),92o(5),92i(5), 

(5), 926(5), 927(5), 928(5), 929(5), 

(5), 934(5), 935(5), 936(5), 937(5), 
(5), 942(5), 943(5), 944(5), 945(7), 
(5), 10i(5), 102(5), 103(5), 104(5), 
8(5), 109(5). 10io(5), 10ii(5), 1012(5), 
10i6(5), 10i7(5), 10i8(5), 10i9(5), 1020(5), 

1024(5), 1025(5), 1026(5), 1027(5), 1028(5), 
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1029(5), 103o(5), 103l(5), 10,32(5), 1033(5), 1034(5), 1035(5), 1036(5), 

1037(5), 1038(5), 1039(5), 104o(5), 1041(5), 1042(5), 1043(5), 1044(5), 

1045(5), 1046(5), 1047(5), 1048(5), 1049(5), 1050(5), 1051(5), 1052(5), 

1053(5), 1054(5), 1055(5), 1056(5), 1057(5), 1058(5), 1059(5), 106o(5), 

106l(5), 1062(5), 1063(5), 1064(5), 1065(5), 1066(5), 1067(5), 1068(5), 
1069(5), 1070(5), 107l(5), 1072(5), 1073(5), 1074(5), 1075(5), 1076(5), 
1077(5), 1078(5), 1079(5), 108o(5), 108l(5), 1082(5), 1083(5), 1084(5), 
1085(5), 1086(5), 1087(5), 1088(5), 1089(5), 109o(5), 109i(5), 1092(5), 
1093(5), 1094(5), 1095(5), 1096(5), 1097(5), 1098(5), 1099(5), 10ioo(5), 

10ioi(5), 10io2(5), 10io3(5), 10io4(5), 10io5(5), 10io6(5), 10io7(5), 10io8(5) 
10io9(5), 10no(5), 10iii(5), 10ii2(5), 10n3(5), 10n4(5), 10n5(5), 10n6(5) 

10117(5), 10ii8(5), 10ii9(5), 10i20(5), 10i2l(5), 10i22(5), 10i23(5), 10i24(5) 
10l25(5), 10i26(5), 10i27(5), 10i28(5), 10i29(5), 10i3o(5), 10i3l(5), 10i32(5) 
10l33(5), 10i34(5), 10i35(5), 10i36(5), 10i37(5), 10i38(5), 10i39(5), 10i4o(5) 
10i4l(5), 10l42(5), 10l43(5), 10l44(5), 10l45(5), 10i46(7), 10i47(5), 10i48(5) 
10i49(5), 10i5o(5), 10i5l(5), 10i52(5), 10i53(5), 10i54(5), 10i55(5), 10i56(5) 
10i57(5), 10i58(5), 10i59(7), 10i60(5), 10i6l(5), 10i63(5), 10i64(5), 10i65(5) 

10i66(5), lloi(5), 1102(5), 1103(5), 1104(5), 1105(5), 1106(5), 1107(5), 
llo8(5), 1109(5), lloio(5), lloii(5), 11012(5), 11013(5), lloi4(5), 11015(5) 



llai6(5),lloi7(5) 
11024(5), 11025(5) 

11032(5), 11033(5) 

11040(5), ll04i(5) 
ll048(5), 11049(5) 
ll056(5), 11057(5) 
ll064(5), ll065(5) 
11072(5), 11073(5) 
llO80(5), ll08l(5) 
11088(5), ll089(5) 
11096(5), 11097(5) 



110104(5 
110112(5 

llOi20(5 

Il0l28(5 
Il0i36(5 

110144(5 

110152(5 
Iloi6o(5 

Il0l68(5 

lloi76(5 
Il0i84(5 

110192(5 

llO200(5 
llO208(5 

110215(5 
110224(5 



110105(5 
110113(5 

Il0i2l(5 

110129(5 
110137(5 
110145(5 

110153(5 

Il0i6l(5 
Il0l69(5 

110177(5 

lloi85(5 

110193(5 

llO20l(5 

110209(5 
110217(5 
110225(5 



Il0i8(5 
11026(5 

11034(5 
11042(5 
11050(5 

ll058(5 
ll066(5 

11074(5 

ll082(5 
1109o(5 
ll098(5 

llai06(5 

110114(5 
110122(5 

llai3o(5 
llai38(5 
llai46(5 
110154(5 
llai62(5 
llai7o(5 
llai78(5 
llai86(5 
110194(5 
110202(5 
110210(5 

110218(5 
110226(5 



11019(5) 
11027(5) 
11035(5) 
11043(7) 

lla5i(5) 

11059(5) 

ll067(5) 

11075(5) 

ll083(5) 
ll09l(5) 

11099(5) 
110107(5 
110115(5 
110123(5 

lloi3i(5 

110139(5 
110147(5 

110155(5 

Il0i63(5 

llai7i(5 

110179(5 

llai87(5 
110195(5 

110203(5 

ll021l(5 

110219(5 
110227(5 



llO20(5) 
11028(5) 

ll036(5) 

11044(5) 

11052(5) 

llo6o(5) 

ll068(5) 
11076(5) 
ll084(5) 

11092(5) 



ll02l(5 

11029(5 

11037(5 

11045(5 
11053(5 

llo6i(5 

ll069(5 

11077(5 

ll085(5 

11093(5 



lloioo(5), lloioi 

lloio8(5 

lloii6(5 

110124(5 

110132(5 

110i4o(5 
Il0i48(5 
lloi56(5 
Il0i64(5 

110172(5 

lloi8o(5 
lloi88(5 
Il0l96(5 

110204(5 
110212(5 
110220(5 

ll0228(5 



11022(5 

1103o(5 
11038(5 

11045(5 
11054(5 
11052(5 

1107o(5 
ll078(5 
ll085(5 

11094(5 



11023(5) 

ll03l(5) 

11039(5) 

11047(5) 

11055(5) 
11053(5) 

ll07l(5) 

11079(5) 

ll087(5) 

11095(5) 



5), 110102(5), 110103(5), 



110109(5 
110117(5 
110125(5 
110133(5 

Il0i4l(5 

110149(5 
110157(5 
110155(5 
110173(5 

lloi8l(5 
lloi89(5 

110197(5 
110205(5 
110213(5 
110221(5 
110229(5 



llaiio(5 

Il0ii8(5 
Il0i26(5 

110134(5 
110142(5 
llai5o(5 

lloi58(5 
Il0i56(5 

110174(5 

lloi82(5 

llai9o(5 
llai98(5 

llO206(5 

110214(5 
110222(5 

llO230(5 



lloiii(5 
110119(5 
110127(5 
110135(5 
110143(5 

Il0i5i(5 

110159(5 
110157(5 
110175(5 

lloi83(5 
lloi9i(5 

110199(5 
110207(5 
110215(5 
110223(5 

ll023l(7 



Continued on next page 



22 KEIICHI HORIE, TERUAKI KITANO, MINEKO MATSUMOTO AND MASAAKI SUZUKI 



Table 8 Continued from previous page 





110-232(5) 
lla24o(5) 
lla248(5) 
lla256(5) 

lla264(5) 

110272(5) 
lla28o(5) 

lla288(5) 
lla296(5) 

11^304(5) 
11^312(5) 
lla32o(5) 

11^328(5) 
11(1336(5) 
lla344(7) 
lla352(5) 

lla36o(5) 
llni(5),l 
lln9(5),l 
llni7(5), 
lln25(5), 
11^33(5), 
lln4i(5), 
lln5o(5), 
lln58(5), 
lln66(5), 
lln74(5), 
11^82(5), 
lln9o(5), 
lln98(5), 
llnio6(5) 
llnii4(5) 
llni22(5) 
llni3o(5) 
llni38(5) 
llni46(5) 
llni54(5) 
llni62(5) 
llni7o(5) 
llni78(5) 


110233(5), 110234(5), lla235(5), lla236(5), lla237(5), lla238(5), 110239(5), 

ll024l(5), 110242(5), 110243(5), 110244(5), 110245(5), ll0246(5), 110247(5), 
110249(5), 110250(5), ll025i(5), 110252(5), 110253(5), 110254(5), 110255(5), 
110257(5), 110258(5), 110259(5), lla26o(5), 110261 (5), ll0262(5), ll0263(5), 
ll0265(5), 110266(5), ll0267(5), 110268(5), 110269(5), 11027o(5), lla27l(5), 
110273(5), 110274(5), 110275(5), 110276(5), 110277(5), ll0278(5), 110279(5), 
ll028l(5), ll0282(5), ll0283(5), ll0284(5), lla285(5), ll0286(5), ll0287(5), 

lla289(5), llo29o(5), llo29i(5), lla292(5), 110293(5), 110294(5), 110295(5), 

110297(5), ll0298(5), 110299(5), 1103oo(5), llO30l(5), llO302(5), 110303(5), 
110305(5), llO306(5), lla307(5), llO308(5), 110309(5), lla3io(5), ll03ii(5), 
110313(5), 110314(5), 110315(5), Il03i6(5), 110317(5), Il03i8(5), 110319(5), 
110321(5), 110322(5), 110323(5), 110324(5), 110325(5), ll0326(5), 110327(5), 
110329(5), 11033o(5), ll033i(5), 110332(5), 110333(5), 110334(5), 110335(5), 
110337(5), ll0338(5), 110339(5), 11034o(5), ll034i(5), 110342(5), 110343(5), 
110345(5), 110345(5), 110347(5), 110348(5), 110349(5), 11035o(5), 110351(5), 
110353(7), 110354(7), 110355(5), 110356(5), 110357(5), 110358(5), ll0359(5), 
ll036l(5), ll0362(5), 110303(5), 110304(5), ll0365(5), lla306(5), ll0367(5), 

ln2(5), lln3(5), llri4(5), 11^5(5), lln6(5), 11^7(5), lln8(5), 
lnio(5), llnii(5), llni2(5), llni3(5), llni4(5), llni5(5), llni6(5), 
llni8(5), llni9(5), lln2o(5), lln2i(5), 11^22(5), lln23(5), lln24(5), 
lln26(5), lln27(5), lln28(5), 11^29(5), lln3o(5), lln3i(5), lln32(5), 
11^34(5), 11^35(5), lln36(5), 11^37(5), 11^38(5), 11^39(5), lln4o(5), 

1X7143(5), 1X7144(5), XX7l45(5), 117140(5), 1177,47(5), 117748(5), 117149(5), 

Il7i5i(5), XX7i52(5), XX7i53(5), lln54(5), 117755(5), 117750(5), 117x57(5), 

117759(5), ll77oo(5), ll77oi(5), 117702(5), 117703(5), ll7704(5), Il77e5(5), 

1X7707(5), ll7708(5), 117709(5), ll777o(5), ll777i(5), 117772(5), 117773(5), 

117775(5), 1X7776(5), 117777(5), 117778(5), 117779(5), ll778o(5), 117781 (5), 

117783(5), 117784(5), 117785(5), 117786(5), 117787(5), 117788(5), 117789(5), 

117791(5), 117792(5), 117793(5), 117794(5), 117795(5), 117790(5), 117197(5), 
/fXii /r'N'i'i /cAii /cXii /'r'N'i'i /cAii 

1X7799(5), XX77ioo(5), XX7lioi(5), XX77i02(5), XX77i03(5), XX7li04(5), XX77i05(7), 
, 1177107(5), Il77l08(5), 1177109(5), ll77llo(5), ll77lll(5), 1177112(5), 1177113(5), 
, 1177115(5), ll77iio(5), Il77ii7(5), Il77ii8(5), Il77ii9(5), ll77i2o(5), Il77i2l(5), 
, 1X77123(5), XX77i24(5), XX7li25(5), XX7li26(5), XX77i27(5), XX7li28(5), XX77i29(5), 
, Il77i3i(5), 1177132(5), 1177133(5), 1177134(5), 1177135(5), Il77i36(5), 1177137(5), 
, 1177139(5), ll77i4o(5), Il77i4l(7), Il77i42(5), Il77i43(5), Il77i44(5), Il77i45(5), 
, XXni47(5), XX77i48(5), XX7li49(5), XX7li5o(5), XX77i5i(5), XX7li52(5), XX77i53(5), 
, 1177155(5), ll77l5o(5), 1177157(5), 1177158(5), 1177159(5), ll77loo(5), Il77l0l(5), 
, 1177103(5), Il77i64(5), 1177105(5), 1177106(5), Il77i67(5), Il77i08(5), Il77i69(5), 
, XX7ll7l(5), XX77l72(5), XX77173(5), XX7ll74(5), XX77l75(5), XX7ll76(5), XXni77(5), 
, 1177179(5), ll77i8o(5), Il77i8i(5), 1X77182(5), XX77i83(5), XX7li84(5), XX77i85(5) 


lln43 


1092(5), llai53(5), lla224(5), lln35(5) 


lln44 


lln36(5) 


lln45 


88(5), 104o(5), 10io3(5), 10i29(5), lla67(5), llaio4(5), llai68(5), 11^39(5), 
lln5o(5), llni32(5) 


lln46 


1057(5), lln4o (5) 


lln47 


lln4i(5) 
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Hhaq 




J. -1- 1 f^y 


8sf5) lO^nfS) lOin-ifS), lOioqfS), Ilafi7f5), llain^fS), llaiesfS), lln'^qfS"), 




10ii2(5), 10i27(5), 10i5o(5), llai84(5), lla348(5) 


lln52 


9^2(7), Ila73(7),llni24(7) 


lln53 


817(5), llai76(5), lla35o(5) 


lln54 


10i5i(5),llni29(5) 


11^55 


933(7), llai7i(7) 


llnse 


8i6(5), 10i5e(5), llai75(5), lla3oe(5), llni5(5), lln58(5) 


1 1 TJ CO 


8i«f5"l lOiKfifSl ll(7i7Kf5'l llaqnRfSl llnTK(h) llr),K«f5'l 


1 1 7? rn 




1 1 77(31-1 




1 1 TJz?n 

J. j-/fc62 


-*-^146\,-^^; J- J-'t-lSv"^^ 




Qicfa"! iniR«f5l \^n^^'7(2^ \\^^Kn(K\ \\n^c^^('2^ 


1 1 77CC 

-■--1- / 1-55 




llnee 


94o(2), 1059(2) 


line? 


61(5), 811(5), 937(5), 946(5), 1021(5), 1067(5), 1074(5), 1087(5), 

1098(5), 10i47(5), lla6(5), lla8(5), lla38(5), lla58(5), llaio2(5), llaio3(5), 
110132(5), llai35(5), llai65(5), llai8i(5), llai87(5), llai99(5), lla2oi(5), lla249(5), 

^^n■:,^.n(^'\ ^^r)l,^(^'\ llrjcnfR") lln^nfR") llnn^fS'l llninnfR") 11r)inoC5l llnionfB") 

J^"352V'-'7i ^-'^"'681'-'/) -'--'-"'69 W/' -'--'- "'72 ^,'-'^) -'--'-"97W/' -'--'-"100 W/' -'--'- "122 V",)! -'--'-"139W/ 


lines 


1067(5), 1074(5) 


llneg 


102i(5) 


llnro 


109(5) 


llnri 


1065(3), 1077(3), lln75(5) 


iin72 


in /'o^ in /'o^ 11^ /'o^ 11^ /'o^ 

1087(2), 1098(2), 11058(2), Il0i65(2) 


lln73 


c Q /'o^ Q /'o^ n /"q^ in /'o^ in /'o^ in /'o^ in /'o^ 

810(0), 8i8(2), 820(2), 924(0), 1062(2), 1065(2), 1077(2), 1082(2), 

in { o\ in { o\ in in /'o^ in 11^ 11^ 11^ 
1U87(2J, 1U98(2J, lU99(ciJ, lUi40(2j, lUi43(o), lla43(o), ll044(cij, ll047(cij, 

11057l_Oj, ii058(^Zj, ii072^^j, iiOio8(,^J, llOi09^Zj, liai39(^Zj, iiOi57^0j, liai65^Zj, 

^^n^„^('X\ ^^n^r■„('V\ ^^nc^^Jo\ ^^n,,r.^(o\ ^^n,,„^^^\ ^^n^,(^\ ^^n^^('V\ ^^'n„A^o\ 

llO23l(^0J, lia263VOj, ii0264l,^J, llO305(^ZJ, lia332(_Zj, iin7i^Zj, 1171,72^0^, iin-j^yz), 

^^n',^(''^) ^^'n■7n('^) ^^'n■7^('^) ^^'n■7c('^) ^^'na^^'^) ^^'nar('^) ^^'n^nc,(^V\ ^^n■,c!^('^'\ 

J^J^"75W/! ^J-"'76lo^, LLiijTyo), LLiiisyo), LLii,g,i\o), LLiig^yo), LLiiiQQyo), 11/1164 l,o_; 


— j-j 


8io('9'i 9,r,r.('^\ Qr^J'i'] in^oi'M'i in^ri'M'i Mu-v('^\ ino^^''^'i 

"lOlOj, oisy^j, 0201,0^, y24l,oj, iU62l,oj, iU65(,oj, iU77^o^, iU82l,o^, 

lOs-ri^) 10o«('3'l 10Qa('5'l 10i^n('3'l lOi^-jf,"?) ^^n^■^(?l) ]}nAA(^) }}nA^(^) 
-i-^87v0^j -i^^98Voy, J^^99Voy, ^*^14u\^ J : ^^^143^0^, -^^ -'^<^43 , ^^^^"^44^0^, ^^^^"^47^0^, 

110-7(5) lla.;s(3) 11079(3) lloins(3) llaina(3) llaT?Q(3) lloir7(5) llaifir(3) 
Ilc9'^i f5l ll(29fi'^f5) lla9fiAf3). lla-^n^fl^^ Hci'i'^oi^) . Ilyi7i (B). Wn7'?{B) Wnv'ii 
11075(5), lln76(5), lln77(5), lln78(5), lln8i(5), llnssO), llmoefB), llni64(3) 


lln75 


1065(2), 1077(2), lln7i(2) 


lln76 


1062(2), lln78 (3) 


lln78 


1062(2), lln76(3) 


11 7179 


llni38(2) 


11 "82 


1085(3) 


ll'',s:! 


»4l(3).llr,2.s:!(3) 


Iln84 


9i2(3), 10i22(3), 110297(3), llni85(7) 


llnss 


8l8(2), 924(5), lloi57(5), ll0264(2), llO305(2), llni64(5) 


llnse 


11057(3), llaio8(2), llai39(2), 110231 (3), 110351(2) 


ling? 


928(3), 929(2), 10i64(2), 11072(2) 


Continued on next page 
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1 1 7? no 


^ ^"^IbH \^ } 


1 1?T93 


±±(X242V^/ 




^11 \^ ) 




J- J- "'10 l,"-* ^ 




fil f5l 8iiC5'l QQ7f5l Q/ic('5'l lOoif'.'S'l IOk^I'.'S'I KW/iff)! IDotI'^I 

lOasfS'l lOi/iyfr)! llafifS'l llasfr)! lla^sfS'l lla.;s('5'l llaimf5) llain-:!f5') 

llfti'^Q^Sl ll(2i'^r^f5l ll(2iR^f5l llftisif5l Ilais7f5l llttiaafSl llftom f5l lla9/iof5l 

lla^t;9f5). Ilnfi7f5), ll/iRsfS), ll/iRofS), 11/179(5), ll7iinn(5), Il7ii99(5). Il7^i3q(5) 


lings 


1078(2), llnio5(2) 


llngg 


10144(5) 

^ 1441: V ^ / 


llninn 

J.UU 


937(5), lla6(2), llai32(5), 110352(8) 


iimol 


9i J5). 10ifif;(5). 1101,7(5). 1101^9(5). llr?f;-i(5) 


ll/'-ill2 


ll;)'is(2). ll;)(ii(.')). II/kJ.")), ll;)|4'i(2) 


11^103 


llnin(5), 11^144(5) 


llmo5 


1078(3), lln98(2) 


llnioe 


810(5), 1099(5), 10i43(5), llai57(5), lla264(2), 1X0305(2) 


ll?2i riQ 


llni37(2) 


11 77, 1 n n 

J. -L 1 t/liu 


1 1 flo'iO I 3 1 
J. X w// y 


11?7,1 1 9 

J. J. 1 CI 1^ 


931 (5) linn (5), 117199(5), llni97(5) 


1 1 77, 1 T 1 


llaiQ^(7) lla973(7l 


ll?2i 1 fi 


11T7/1Q fSl 


1 1 77, 1 1 -7 


109n(5) 10ifi'?(5) 


1 1 71 1 1 s 


10ifin(2) 110,903(2) 


1 1 77 1 1 n 


934(2) 11/139(5) 


IItIi 91 


llni4(2) 


llni22 


8n(5), 1087(2), 1098(5), 10i47(5), lla6(2), lla58(2), llai32(5), llai65(2), 

lla'^^oiS) > 1177-79^5) 


1 l77,i OQ 


II0971 (2) 


1177-194 


939(7), 11073(7), lln«;9f7) 


1 1 77, 1 n c 


1 1 f7,Ti9 ( 3 1 1 1 77,1 7i^ I 7 ) 


1 1 77, 1 9 7 

' " i_Z 1 


931 (5) llr?iif5) llr?99(5) 11t?ii9(5) 




922(3), ll02i,l(3) 


llni29 


10i5i(5),lln54(5) 


llni3o 


93o(7),lla7i(3),llo248(3) 




^^■n■7(7^ ^^n^ar^(7^ 


llni32 


88(7), 104o(7), 10io3(7), 10i29(7), lla67(7), llaio4(7), llai68(7), lln39(7), 
lln45(7),lln5o(7) 


llni34 


925(5), llaioo(5), lla29o(5) 


ll^^l35 


llni9(5) 


llni37 


llnio9(2) 


11^138 


lln79(2) 


llni39 


61(5), 811(5), 937(5), 946(5), 1021(5), 1067(5), 1074(5), 1087(7), 

1098(7), 10i47(5), ll06(5), 1108(5), ll038(5), ll058(5), lloi02(7), llai03(5), 

llai32(5), 110135(5), lloi65(5), llai8i(7), lloi87(5), 110199(7), llo2oi(5), 110249(5), 
110352(5), lln67(5), lln68(5), lln69(5), lln72(ll), 117297(5), llnioo(5), llni22(5) 


Continued on next page 
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ll?ll43 


Il7l8l(3) 

ox \ / 


1171144 


llriinib) . llTiin'^f5) 


llni4K 


llniR7f5) 

ID* V / 


llm4» 


lla?9c,(2) 


iimso 


lla258(5) 


11^151 


8fif5), lOciofS), lla9q(5), Iln2nf5), llnir;2(5) 


llni52 


SfiO), 1032(5), lla2q(5), lln2o(5), llni5i(5) 


llm54 


1044(5) 


llni56 


1071(5), llni7Q(5) 


llni57 




llriifin 

J.UU 


11^7(5), llni3i(5) 

1 \ /5 -LO-L\ / 


llTllgl 


10ins(5) 


llnig2 


939(3) 


11^163 


10io5(5) 




8i8(2), 924(2), llai57(2), lla264(2), llaso5(2), lln85(2) 


llni65 


106o(3) 


llni67 


Il71i46(5) 


llni7i 


lla238(5) 


llni72 


927(5), llai96(5), 110215(5), lla286(5), 11^4(5), lln2i(5) 


llni74 


lla64(3) 


llni76 


lla332(3), 11^125(5) 


llni79 


1071(5), llni56(5) 


llniso 


lla339(5) 


llnisi 


11^318(2) 


11"184 


1084(3), lla46(5) 


11^185 


10l22(2) 
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